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A\»;’nv IVI ly ) rnf moiis, M . 1 , < |W6) The hreedm^ biology- .sHkalufutnhtso »ind f„ t irroim ( Anuia; 

llylitlac). and a re-evahulion ol iheir geogmpliie vlisnihuiion. rruti\. A’ Stn . S Ausf 83-00. 20 

November, lOOb. 

I lie known raiiyc of Uu\ha si4h}*hffulultKsv is extended and that of /.. ritrif/yti is revised. Pupulaiion trends 
observed al the type loeality durinj? the I0b0s-70s and toots are eompared. 

the adseriisLMiieiii call, adnil ctdouranoii m life, bt-hiivioni mid embryologieal development of /., 
suhi^lamluloMf are de.scriheil and compared W'lih iln>se of L nfnfffu. The sm.yle e^Tg mass »»l i . \nh^lan<luhts(t 
shows iidcLpiiiiion h> die liHic cnMroiimciii. being cornpael and strongly adherent. The embryos ami larv,d sUigos 
ol the tvvii species arc very similar in shape and colour in life from stage 17 inuv.iids, bin are readily 
dixiingtiishablc by mot it h pa n.'^. (.‘ompai alive notes on larval l^chavumr art* given. 

Kiv WoROs: JiUffw sttifiihwihilo.sa, LtU>ria ritfyt/hi. di.strihulion, populalion tivndv. adveriiscnicni calls, 
oviposilion. mitbiyology, larval hehavioiif 



Infrodiicfioii 

Uforitf siih^Utntlulosn vva.s described a?' LilcnUi 
rylcr ^ Anslis. I‘‘I7,‘> hid renamed 
because of priman- homonymy t’lyier c<l Ansiis, 
I0K3). A membci of die L rifpoiiu spceics group 
(Tyler A: Davies 1078), L. suhifUttuInloui was 
previously known only from the Quocu.shuiu/NSVV 
hinder south to the Ncv\' faighind ranges of noiiliern 
NSW t Tyler l'c .Anstis lf)7.'>) The typo description 
included a descripiion of the larvae, hut no data were 
available on ovipo.viiion, ernbryologicnl development, 
larval hohaviout i»r tlic adveriiscnicni call. 

The species was found IhO km .soulh of its 
previous known dislribiilion m ihe mid-iimili coastal 
ranges and Barrington lops region by one of its 
(M.A.). in 1977 Its presence there and Ihe absence 
of I f itrnffu, prompted a re-cxamiiialion of ihe 
dislnbidion of both species. In addition, ob.servalions 
on oviposilion, the moiphology (d cnihryos, Jarvae 
and adults and a coinparison of the aciverlisemeni 
calls i.ij L. L'ifnffHi and /.. stih^lmululosa were made 
and are repotted hcic. 

Materials and Methods 

L'nntia siihstliuulnhisa 

\ihi(i sficctmens vKumined: Australian Museum 
(AM) R 1 7577. .3552.^. 42934-35. 50lb3, 5IO%-7, 
51104, 5173549. Point Luokuut; R3445,S - I4km 
r-.asi of [vboi ; l< 30724 - f3akcy C’reck near T.hor; 

• 2(« WitlesiesN Ril Ik'iowiii Hviiihi'i N.SW 20H2. 

Dcpanuieiu i>l /nnlogy. t'niveivity iM \lrll>uuinc 

P:itkvill<- Vli- 



R36075 - Ciuy Fawkes Rivet, Tbor; R7 1 109-71 1 14 
B.iek Creek (Barwiek Rivet) neat Poim Lookottl. 
R37017 - 5km S ol Waleha : R39056 50km R of 
nicn Iniie.s (Gibraltar Range); R5293I Sundys. 
Creek, Don igo; R5 1 1 78-80 Styx River. PoinI 
l.ookoiil; R765I9 - Glouccsier 'Top.s: R3I6H3 
Upper Allyn River. Barnngton 1’ops: R 1 04932 
Hllenborougli River. Bulga Slate Forest, NSW' 

IfUona atnifui 

Ailu/I sf>eciffh'fi\ exemnneJ: Auslralian Museum 
R75h(), OrhosU 7562. Aberfcldy, Vie.; 1 92.37. 1 82.34. 

1 8236. 1 8238 Slanwcll Tops: 79436 Sianwell Park; 
24500 •24505, 27590, l-.mlconbridgc; 45858. 

ThIrInicie Lakes. 3 1 685. 7I 12. 78^27 Helensburgh, 
45424, Tianjara Tails; 5 18«S. Megalong Valley: 7 1 lO, 
Ibi/oIhrooK: 5008. f3laeklicallv.. Vjo 34. Bell, 
Kurrajong Rd.. 76625. IS km N of l.iihgow; 8459, 
Pennant Hills; I4495, Colo Vale: 79IO0. 7662.3, 
Culoiil Range N of Colo fits.; 426 1, BiiiulaMoon; 
7 1 898. 24 krn N of Mos.s Vale; 1 5462, Gosinrd: 
78264-26. 7S698, Kiirmgai -Chase: 60425. Nadgee 
Reserve; 79439, (lal.slon Gorge; 756.3, Manly, NSW. 

I htec adults ciletl as /.. viuvpu b\ ‘Tyler tV Anslis 
1 1 975) from Bairiiiglon fops loealiiies:- l.)cpl /oi»l., 
Ihliv. Melbourne iMCZD) 1 792/64 - tl].»pci Allyn 
and ML/D 1690 91/63 - Wonihal Creek, were re- 
examined bceause of apparent overlap m range with 
I he Barrirglon Tops localilie.s for ^tthiihoulitlnsu. 
These specimens ha\e since been registered by llie 
National Museum of Victoria (NMV) as D32666 
(Upper Allyn Rivcii and D3 2664-65 (Wombat 
Creek). .Similarly, iwo specimens (NMV D6709 10). 
cited by Copland (1957) as 4^ l ifrn/fa fn»m ncor 
Grafton, nortiveuslern NSW, were examiued. 




Table 1. Details of localities, habitats and field ohservatkms for Litoria subglamlulosa. 
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Fal Brook Mount Royal 750 Permanent stream, wet 8.xi.l992 ] 6 - No No 

State Forest Barrington sclerophvll forest. .search seiu'ch 

Tops NSW 
32“ 09'42"S 
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29° 28 ' 24 " S Ceratopetalunu Eucalyptus, 

152° 19' H "E Acacia, Acmena, Quintinia, 

Cyathea, Todea etc. 

Warm, sunny day. 



Table 2. Obsen ations on adult hehaviour in relation to oriposition - Litoria subglandulosa 
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X 



attached just below 
surface to leaf, twig, rock 
in flowing water of pools 




Table 3. Obsen’ations on adult behaviour in relation to oviposition - Litoria citropa 
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BIOL< k;n (J\ L Sl'lUUANnifLOsA ^ L. i iv<orA 



Ovipnsiuon funl rnihry<n 

OhsfivanoMs on llirec laplivt’ brccdin^^ pairs ol 
tviv h species, Lidiceted by M.A., are siinimurisetl in 
■J’uhJcs 2 and A (ii each case, a Calling male was niM 
collcvicd al nlglil, ihen a gravid female was found 
during ilaylighi the ncx( day. m the same viemity us 
die male The pairs were each placed in a large 
inn.ited plasiis hag coniaining streuni waler, u flat 
fuck and aijualie vegelulii>n. The bag was covered 
Avilh op;u|ue malerial lor ihe duration of ample.uis. 

(Jiftrid suhi^ldfiiliilo vt/ 

Singes 1-2^ fGnsner, were suidied Immi) 

three separate egy fnasso. one from Mic type ioculity 
(loculiiy IIP Table I). and the luhcrs Imm (ne nesv 
loeaJflies 3 and 4b llercatteT. numbered localities 
will refer lo lible I t unless otherwise statedl. 
burihei samples fiorn egg iiUisses luinid in llie sifeaiii 
at locality ^ were maintained until stage 25 to 
eoTifirtn idenlllv- b\ Dr A. White of the Nulinna) 
ratks it Wildlife Service* NSW tNPe^ W S) I mbiyos 
an»l larvae Were held in dishes (40 uti diain.) 
s’<>muining strouin Wiiter, loeKs, sediitieuis and 
arpialie vcgefalioo, and mairilaiiied al l4'-2rC 
(locality 9c and 15 -24 C (localities 3 and 4b). 

Tlie egg mass lioin Itrealily 4h laid on 7 -XJ (.1980 
( lahle 2i. vsas submerged wilhm a iiiclal lea snaiiiei 
in the 4 oof (lowing wMtor of the stream for the iniiiul 
two ilays oi development, but hulli Ihe egg masses 
Imm localilies 3 and 4b vvere maintained at higher 
leinpeiaiures of up to 24"C away from the stream 
from the third day alter deposiiion. binbryimic 
deve|i»pmc|ll Was i^bserved under a Wild Mf' 
slerer iscopic m ieroscr »pe. 

Liiohii atntfhj 

Sttigcs 1 25 were siudjed from (wo egg masses 

Iron) Darkes b’oresi and one lh»m t^uriinbuh 
(localities 15 tt 16. Table 3). Samples of eggs found 
scatiereii over the substrate in Ihe stream were raised 
to stage 25 lo eonllrm idcnlily. Adults in breeding 
emiiliiion were placed in an inflated plastic bag 
Ciivered with opaque material during aiiiplexus and 
the lesuUmg embiy'os maiiilamed al 16 -23 C. 

I^iinnr 

radpi.»les were measured (lo 0.1 mni) with vernici 
callipers and an ocular micrometer attached to the 
microscope They were anaesthetised in Chlorhulol 
solufii»n before preservathai in 3V< lormuhn. The 
staging system is (hat of Gusner (I960). 
Abbrexiations for larval measurement.s shown in 
Table 6 . follow Anstis ( 1976); TL - total length, IBL 
= bi)dy length. BD = maximum body depth, TD = 
nuiviunim tail depth. I M = tail musetilaluri; depth 
(measured in line with TD), lO = inleroihiial span. 
IN = iiucrnarial span. l:N « die distance between eye 



fv 

anil naris niul MW = maximum imniih width 
lllu.siiatious were made using a drawing tube 
attached to the microscope. Pre.served and living 
larvae of L suhyldmUiif^sn ln»iti sites 1 - 9 vvere 
examined for conipunson wuth tlio.se liom the lype 
hxMlitx and measuivments aa> given in lable 6. 
Feeding and swimming behaviour of seveinl larvae 
v>( b«ah s.ficcics wwsribsctved in captivity and in Ihcii 
natural lotie environment. 

AifvcrffSi ifu iLi i'olh 

'! he calls of L suh^^kifuhUtKsa were recoriioil at t\ 
tiifV speed of 4.76s. Ill sec*-'. Using a Svnty I t’-D5PK< ) 
poi table cassctle recorder with a Ulier M5I6 
microphone and a GiMinpiaii puiaholic letlccior. 
Culls of C viivofui were recorded with a Nacra 4 2 
ojvn reel tape recorder at a tape speed rd 19 ciii see 
and a Beyer M-XN cardioid dynamic inicrophsuic. 

For L sdh^ldfuliilnsVy ihc tape cassette was 
replayed on a Nakamichi Dragrm tape deck, and lot 
L. the open-reel tape was replayed on eitlier 

u Kevtvv n 77 or u Sony TX7 5 Mt*2 tape iccorjei. file 
calls were anulysfd *>n a Kay L'lemelnes Digital 
.Si>iiii-Ciraph. Model DSP-5500. Ackhlu’uial analyses 
of waveforms weie niatle by way vif a Smmd- Blaster 
16 ciud (Creative Technology) installed in an II^M 
PC-compatible desktof) computer, and using the 
Wave Suidi<» ((rreUlive technology ) tUkl speclia Plus 
Protcssional. Release .VO (Pioneer Hill) software. 
Both systems yielded consistent a'suhs [Vn analysis 
of the same signals. 

the dominant (= pcitk) (Veqitenciis. vveiv 
ealculaled as those ol greatest amplitude in a power 
spectrum or an averaged spectral display. Numbers 
of pulses were determined by inspect ion of 
waveforms. Pulse mtes vveie culciilarcd from the 
interval bclween (he peak »•!' the first pulse and the 
peak ol the last piil.se in a pulse tram and the minibci 
of pulses reduced by one (i.e , ii-l pulsc.s) Because 
of the dinietiliy tn determining the beginnings and 
ends (i.e.. /.cro amplitudes) of pulses and pulse 
(rains, the peak - peak interval v\as taken as the 
duration. Where appropriate, pulse liains arc termed 
‘notes’. If two distinctly diCIcrcnl types of temporal 
unit are present in ucall. llien the signal is described 
as diphasic isensit l. inlejohn ^ Harrison 1985), 

Results 

Di>tnhiiUo}i and hahital 
l.il<nia sfih.i^lantlnlo.sa 

rhe new localilies ( I -9) recorded m Table I extend 
the known southern range of thi.s species about 1X0 
km All localities are permanent streams/rivers of 
basalt or nielainorphic rock eouniry associated with 
I am forest, montane or wet sclciophyll lorcst (except 
for ITi 13b) anti arc at 510 in or higher The 
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ri«. 1. A revision ol Ihe disinbulion o\ lilontf i ;niO 
LiUnia suhy\ltWiluh>sn provided by Tyler Ansii.s 
I I97.S>. ineUnImy ;i niunheri>l nesv loLulilies liir ( . suh\i- 
hwtlufosti. 



soiiihomniosi luciiiiiy ai which the species ha> been 
found is localily 9, T.il Brook, Moiiril Royal Slate 
BoivM. NSW. The National Parks Sl Wildlife NonJi- 
easi l'()rcsls Biodivcrsily Study ( I ‘>01-1 904) records 
/.. suh^UwJnl(K\a at a iiunibcr of sites between the 
Barringlon Tops region and I he northernmost forests 
<»r NSW, including D<)yles River State Forest, Ml 
Boss Slate Poicsl, Nowendoe, Wcrnkimhe National 
Park, Gibraltar Range National Park, Slyx Slate 
f'orest, Spiniho Slate Forest and Boonoo Slate 
Forest. ITiis indieates the speeie*s has a tairly 
eonlinuoiis dislribuuoit along the range eolirUry.. fmm 
locality 0 in the south to near Slantliorpe. jnsi north 
of the gld/NSW border! 151 4(F30"H, 28" 40'20" 
S) (Fig. I ). 

On a daytime visit to localities in and II on 
I9.\ii.l904, no tadpoles o) Ihi.s or t>lhcr species wcie 
located T his was at a lime svhen numerous tadpoles 
of \HhijlomiftftfSu, L. honwnlnm>i^nsis and 
Mi\i>ph\vs hiilhns would be expecteil to be present 
(based on annual sliidics in (he 1960s and '70s). 



Observations by .lohn de Bavay and Paul Webber 
conllnn that there has been little eviilence of this frog 
over reeeni yeai*s at the type li»ealily. suggesting that 
the species may be undergoing a decline there. The 
Nalitmul Parks and VVildlile Biodiversity Study Iras 
records of live males of Itiis species culling at three 
sites on 2.i\.1995 in the Styx River Stale Forest in 
the region olTlic type loeality: 

1 ) Fely Creek . lal./long. 30' 34' 39" H, 152' 14' 
43"S. (altitude 1060 m) 

2) Rely Creek - 30' 35' 26" C, I52 ‘ 13' IK" S, 
(K‘)0m) 

3) Waiilc I lat Camping Area - 30' 35' 2K"F, 152” 
12'.3K"S (X70m). 

ObscrNalioiis on 20,\ii.|994 at localities 12, 13b 
and 14 (all northern localities), indicated the 
presence of/.. stth,^lnn<lnlfK\a tadpoles 



Unn iu i it vopa 

Specimens NMV D32666 (Upper Allyii F<iver) and 
D32664-65 (Wombat Cieck) were examined and. on 
the basis of the indi.sijncl tympanum, proinineni 
supralyiTipanie told and head width, weiv found to be 
L suhi>iof)iiuii>KtL NMV D6709- 10 cited by C'oplantl 
( 1957) as L t ifmpu from near Grafton in the north- 
east etiasl of NSW, form (he basis of ihe slalernenl by 
Heaiwolc n til. (1995) lhal L cffrofui 'Twlcinls from 
noilhcasicrii New South Wales to .souiheastem 
Victoria". Upon examination, these specimens were 
toil ltd to have the body proportions of L 
\uh*^Uuuliilosih but because bolti were collccTed in 
IK65 and in a poor slate of preservation, it is difFiculi 
l(» c(»mc to a tlelliiite eoncTusion as to their identity. 
The two species have not been found in sympatrv .il 
any site examined, and this fact, in combination iill 
the examination of museum material, irulicaLes ihal 
the drainage of the llunler River appears to be a 
natural geographic barriei separating tliem (Fig.l). 

Larvae were observed by M A. on I f. 1 976 mid 
25.1.1996 at Boardinghouse ITam in the Waiagaii 
Slate Forest, south ol the HiiiUeJ’ river NSW (33 no* 
01 "F:. 151 24' I5"S) and by R. Wells lurlhci norlli 
ill the Pokolbin Stale ForesI, near Cessnoek. in 
Jaiuuny 1993, This is ihe iioirlicnimost known 
loeality Jor this .species.. 

Uioria SHh,iflimtlulom ufipcars to replace titni/ui 
in Ihe Bamnglon Tops region north of Neweaslle 
(Fig.l). T. ritrtffhj occupies a wiiler variety of 
habitats than T. suhstUindiiliKMi, including permanent 
slrcarri.s in ba.sall country associated with wcl 
sclerophyll or rnonlane fore si, (o similar sti-eams in 
sandstone country. Although (bund at an allilude of 
1066 m at Abcrfcldy, Vic, and Blackhcath, N,SW. / , 
riuvfHi also has been loiiiul in lowet coastal aivas to 
50 m (locality 16, Table 3). 
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At lit 1 1 i'oloftr iH fife 
I it min suh\^hintluU»m 

SpctiMiffis from noriliL’m ioealilios vvi'rc 
picdominantJy ^iccn. uheicas those I'rom mitl iiuilli 
coasiol loealines ( I ranged IVinn iinilonn golden 
l>ruvMi wifh .seiilleved duiker i)Uvi(hng over the 
dorMini, lu specimens with some srnull ureas ol 
given idien along the canihus l•osl^nlis m* under the 
eye. I'vvu Jiiales Irom l<Kii|iiy I each had u broad 
dorsal patch of green over the head or dorso laieral 
regions Two specimens, AMR7h5IO^ liom 
Ciloueesler Tops NSW. and am>lhcr obser\eil by II. 
limes (NIWWS) at Kal Brot'k (hicality 9y, were 
timhuin hnghi given, apail from fho ehametcrisiie 
goltlen dor.so-lateral stripes. 

Some golden-brown specimens devclopcs large 
hiiglil green patches over llie doisum at night iS. 
ti4nv pvTs. coiiirnJ. I'he inner surlaccs ol the fund 
limb and gioin area were tiansjucerU yellow, as 
loLiiid m adults from the type locality. 

f 1 ft nfo i itntjfn 

I.Htnia iilrnfui liu> a unilorin golden brtiwn dorsal 
cojoiiraiion (with green *dl(7ng the canlhiLs rosLralis 
and sides ol the body i. similui to iiiusi .s|x.*eiiiicns of 
/. suhfjfanditfosti IVom loeuliiies 1-9. The principal 
ihffVreMcc belwcen the species is ibe colour of the 
mnci .surfaces ol the hind limb and groin, which iii 
r itfofftt IS brick red. 

( till hit' iti'tivity 
iilorid stih^lcin<fiilf»Mi 

Calling begins in .spring anti was observed on 
20 a. I99T at localiiy 8. when water lemperauues al 
(light were very low. e.g.. b* C. and the di v bulb air 
lemperalnre at locality 5b (1900 h) was 9.8 C (A. 
White, S. C»ow pers. cornrn.t. Oihet observations by 
M.A. al the type loealily during annual llirce'WteK 
piTiods (Dec./Jan. 1900 74 1, and al all other 
loeahlies hsled in lable 1. indicate that calling 
[>ersisis ihioiighoiit I.)eccmhc47.laiutary in a varieJ v of 
Weather conditions, with increased acti\ ity during, or 
ullei. hghl rain. Evening dry bulb air leiupeiulufes 
taken during periods oi spring/summei activity at the 
localities in TVible 1 were I.VC-19.5 C (mean 
l.‘>7 ('.') Al the lower lempermurcs (IV-I4C). 
eallmg \va.s less intense and by aural comparison 
only\ notes were al a slower repetition rate. 

S()oiadie dunnal calling was common duiiiig die 
hieedmg .scastm but males were most active al nigul. 
Diurnal calling tor^k place IVom concealed positions 
such us under ri>cks or l‘ri>m vv ilhin vegeuuion. either 
near the siieam. oi at rimes up to about I'otir rncuc.s 
away IVom the water. A single mule or a smull 
number of individuals, called IVom as early as 0742 
h (e g., localitv 7b) .Noeiumal calling wa.s. initiated 
by v»ne tiog. iiiuuvdl) tV>lli»wed by <»thers in a 



distinctly polyphi»nic chorus The e.ills {>!’ frogs at the 
soul hern loealitics could not be dlirercniiuled IVom 
those of males at Ihe ty pe locality. 

Males observed calling at inghi weiv often pel died 
on broad leaves of trees and shrubs approximately 
0,5' 1.5 m above .streams, i»n ferns .u the edge of the 
stream, or on vegetal ion l urther IVom the w ater s 
edge. They were (Vequenlly found calling in small 
groups, two or niiDV metres apan. On 22. \. 1994 at 
loealily 5b. 40 males were calling al iiiglii in gmiips 
of up to six along a .50 m stretch of the slreum (S. 
Ciow pers, comm.). Al locality 7b on 7..M.J994. Uuir 
males were calling 25 m apart (K. Thiunrn pei>. 
comm ). 

An anafysis n! the adverlisemeiil call is piovideJ 
below and enmparison made will) that id I r irnifHi 
Two addilional call sequences, allnbutable U» /.. 
suh^ltunifihistt, are in the Bioacoustic I ibtary ol Ihe 
DepaHment of Zoology. I nivcrsily 4if Mclbuijrnc. 
both recorded by .M. .1. Little job ii and his associates. 
The first, from Ciuy Taw kes Creek hhor NSW i 50 
24’ 20" 1-52 21 T 4tT' Sk Was rccortleil on 

28. ,\. 1964 al a we! bulb air temperature ol X.5 C, and 
the second, lioin Flat Rock Creek 8 km W of Point 
Lookout NSW (close u.» the Pum site), on l l.v.JVbS 
al j wet bulb ail lemtieratuie of 1 5 C They ate 
similar in all pertinent respect.** to Ihe call described 
here. 

Li Ion'll viim/Ki 

Males at Darkes Toresi thicaiity 15. Pable A) vvea^ 
olisci ved during spring and .summer calling fmiii low 
branches ne.side Ihe stream, on rocks near the edge of 
the water, or on exposeil nick shelf iti niid-stivain 
close To stiulk»w. slowly Oosvirig water. As with /, 
suh^UmJiilosii. males called while two or more 
metres and activity incrcaseil nn overcast 

evenings during or after rain. Dry bulb air 
lemperatures on several nights when male.s were 
calling in Septombei LVecernber. 1972-1980. were 
I4'^-22"C No diiimal calling was oh.seived. 

Ach erfiwimit ruth 
Ufm ui Ml f>M lunditU KSi I 

The .idvcitisemeiil call of /.. siihi^lmididosa was 
ivconled by .1. Cmirinev at I7iehard Creek, (den 
limes (loealily I5ai, on 20.x. 9.T. The drv-biilb an 
lempcralure was LVC. T’he lollow.ing data were 
obtained from iIk fourth call in the sequence (Fig. 
T\). The call lias a duration 01*9.375 s and consi.^ls 
of 13 pairs (doublets) of pulse trains (notes), vvilh 
each of those in the first five pairs all being of 
relatively low umplitudc (Tig. dn. In the .subscqncnr 
seven pairs o) nolcs. the seeond note is tjp nuich 
greater amplitude than the Ursi, Thus, all but one of 
the firs! notes (which is of equal ampliuuJc) are 
soMci. w Th the amplitude of Ssvoiut mites bc‘ing 
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Fig. 2. Live eg^ mass of Liloria suh^lancluhj\a aliached lo a leaf from submerged overhanging Foliage in 1'uckers Creek, 
Barrington Tops ( locality H). Scale bar - lOmni, 



seconds 




Fig. 3. Waveforms of advcrliscnicm calls of Litoria sub- 
glcmdulosa and L. citropa. 

A. The complete advertisement call of Litovia suh- 
glandiilosa from which the values given in the text were 
derived. This call was recorded at Diehard Creek, Glen 
Innes, (locality 13a), at a dry-hulb air temperature of 
13.0"C. 

B. An expanded waveform of the eighth doublet in the 
call depicted in A. 

C. A waveform of the complete advertisement call of 
Litoria citropa from which the values given in the text 
were derived. This call was recorded at the Rocky River 
Road crossing on the Brodribb River, 17.5 km NNK of 
Orhost, Vic. at a wet-bulb air temperature of 17.5°C. 
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l\v ii]» U> ‘I db in |«uirs 1 -7, und hy 12 fu 20 db 
in pairs S-13. Duruhons ol douhlcls range Irom 291 
XU .^72 ms I mean = J34): inlcrvnls between donhieis 
ranee Oom H4 lo 159 ms (mean = 11 Si. The 
n-pi?Htiim rale id* (he doiibleLs is I.T5 s' The 
d*m»iiuiiu iu* peak iivijuciK ies aic within the 
I Vi0-l4S0 H/, with means ot 1 405 H/. Tor the first 
miles and 1454 H/ for the second notes. I here aic 
10 15 pulse.s t mcaii = 1 l.l ) in the firsi notes of each 
i»l’ the fust seven pairs, and 4-r> piiKes (mean = 4.S) 
111 Ihc ivmaindei, with J5-23 (mean = K>. I) in Ihe 
second note of the fiisi seven pairs, and 9-1 1 (mean 
= in Ihe lenuiitider. Kantics ot dnratiuns nt hrsi 
rioiiis arc 72-9^ ills (moan = S5.9) foi ihe fiisl seven 
pairs, 4^-f>9 Ills (mean =59.,S) for the in hers and 1 26 
I 19 iTiv (mean I 3 7.61 and 134* 159 ms (mean M4,2) 
icspcciively Inr tlii> scamd notes. F'uKe rates ui Inst 
notes range fioni 125 167 p s ' (nican 152.5) in the 
(iT.s( seven pairs, lo 40-K5 p s ' (rueiin 64 9) in (he last 
si\. pnr Ihe steoiiU noies. (Iiv* I'adgCs t»M (ViKc lates 
aix‘M2-l82 ps ' (moan 145.0) for the firsI .seven pairs 
and 56-75 p s ' (motni 64.9) fur ihe hisl si\ 

f.ifoytn ritnfihf 

the adverlisciiicjil call nf (his species vvus 
de.stnhcd by l.nilojohn vf al. (1972) from (he 
undiospcelnioraphie and oscillographic analysis nl 
iwo calls oi iMie individual recorded iNaocii IIIB 
m'coaler, Kkvtro- Voice BV 644 niierophono) d\ 
4'»*njel(i f'lCek 9 K.m W nf Cann Kivei V|l ( 1 49 ’ OS' 
T, .34 \S) on 24-X.1969. The male was calling On 

tin- hank III a wet hulh air leniperature iif 10.5’ C. 
(6vmg lo hackgroKiul noise levels in the recording, 
rally a tracing of a waveform vva.s proviilcd 

This rolalivcdy long call (.3.2 .3.6 s) was Lio.sLTihod 
as *4 cmnyilex temporal striicUne (i.c., '^Iruiigl) 
difihasic), with a long inhoducloiv note (910-9.^0 
nisi of high and regular pulse imc t46 p s i, followed 
by a sequence ol iiregulaily produced pulses In 
groups of 5-7- riie groups have duralions between 80 
and (20 ms and pulse rates of 34 57 p s ' near (he 
start, and ai*e longei (245-500 ii\s) vind <»t Iovum' pulse 
rale (10-21 s') near Ihc end. The tlominaiU 
la'qucncias range trom 13.50 lo ISOO H/ within a 
htoud band oi frctiucncics helwoen 1250 to 36(M) li/^. 

fo conl'inn this desciiplion, and lo provide an 
indication of CMissihlo ctVcel.s of (cmpcraUire, die Iasi 
elcai call in Ihe iec4»rde(.l sequence of aiioiliei 
imliviclual of /<, r/7Ar>/>(/ wa.s analysed. The iccorcling 
was made at ihc Rocky River Road crossing on Itie 
Brodrihh River 17.5 km NNL of Orhnst Vic. ( 14X 
3.3 'n, .37 3(0 S) by M.. .1 Lmlejuhn on 2S.xi-1981. 
This irog wa.< calling from vegctaiion ai a hcigln of 
aboui .5(1 em, adjacent (o the river, at a wei-biilb air 
icmperatua^ »*f 17.5 C\ A wave foim of ihi.s call »s 
prcscnied m lag. 3C. 

’I tie call, which has an overall duration of 2.866 s. 



consists of a di.sliiicl first note which ik a ivgiilai 
pulse Iraiii with a duration of 814 ms. a pul.se rale ol 
J87 p s ' and a domimmi frequency of 1(740 H/ \ 
single pulse (duralion approximalcly 7.0 ms) willi a 
dominant frequency of 1600 Hy i'mIIowv. I’hc 
rernanulei of the Cull consists <»1 eleven gioum- of .3- 
5 pulses but four pulses and one pair offiulses cannoi 
|■eali^lically be grouped lo allow ealcuiaiion of a 
pulse rale: otherwise pulse ratc.s range from 31 lo 84 
p .s '. The liominanl IVcqiiencic.s oj duse pnlsiVv range 
Irom 1200 lo 1300 II/ and the duralii'iis ol the puKcs 
range from 8.6 lo 12 9 rns fhe variable pulsalilc 
second part of this call has a ma.vmium amplilxidc 
about .5 ilB higher ihan dial of the miiotlucioi y iiolc. 

0\ 

Luorio uiliKloiuiiilasd 

The advcniscnieiil call ol ihc mule was heard m the 
hag hcfoiv amplexus occurred. Details ol egg masses 
laid aio picscuted |ii lablo 2. 0\ ij7i>sit|ou was nor 
observed, bul foi each (tf ipe- three captive pairs 
sliidied, a single egg muss was foiiiul adhering to the 
side ol Xhc hag. jusl hedow' waici level. I he eggs were 
laid in a small, ciinipaet cdump of (W'o to three layers 
id cxlrenicly siieky. c<d)cnug capsule^. t*.gg 
complcmenfs Ibr two females were 292 ariil 425. 

.\nolhcT eight cg,g masses of ihis species were 
loliiid at locality S on 4xi.l994 by White and 
S, Gow hacli mass wa.s aiiaehed lo an oveThaiigiiig 
leaf a twig m a o»ck face j|) verdeal «*i iieai \0i6cal 
oriciilaliim, jusl below Ihc waler surraec in a slowl) 
llowang .section o( u pool (.some in mid-.slream), Hv 
po<d was heavily shaded by an almost cmnpleie 
canopy cover. .Sicady ram had fullen llircc days 
earlier and (he suiiaee waler tempeciliirc al 
1400 Ii was 9.4 (’. Hne «d these masses, ivmovcd 
Irom Ihe stream on a leaf and filiotographed, is 
shown in lag. 2 

i'itnrpa 

Un 25.V1.I97.3, ovipo.silion occurred alter the male 
and lemate had been si>lle0|td at Ourimbah Creek. 
NwSW (h)calily 16. Table 3|, ;,i 2200 h. The lri>ps 
were placcii in a pUisiic hag. I h<‘ male soun begun m 
call and (he pair was in amplexus three hours uliei 
capture. Al 0156 h on 2o.xi.1973. the initial iw'<i 
sequences of ovi|M»sif(oh aeiivily i»ccuri‘ed; at 01.57 li, 
a further four ovi|x»si(ion sequences IVd lowed, with 
only about I hree .seconds hciw'ccn each. Oviposilioii 
was complete hy 01.59 li 

In a typical sequence, the Icmalc doisiflexcd her 
body vvilh oiilsirelclied hind limbs and pn»duccii a 
hatch of eggs. ’Hie male feiiiliscd them while 
cupping his feet in a lunning motion around (he eggs 
4'he female then scaltered the eggs with three sudden 
kicking rnovcmcnls of her hind limbs. The eggs sank 
and spivad in a .single layer across the hnilom. She 
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Tahi.J 4. Ci»mparis(fn of eminyos Li*oria »»ubjL!liimliilosa and ! iu»ria cil-npjj 
DcvL-lopmcnial stages are those of Gosner ( i960) 



95 



Stage Sample Mean einbiyo Mean eupsiile Deseripiion 

diamctcr/length diameter imin) I . sithiiUmdnlosa 
I..snh^land. I^i itiopa (mm) 

a u L. stih\>Umd. L citntfnt L Mib^ltuui /.► citmpu 



I . ( tpnpn 



*> 




4 


1.59 


1.73 


3.5? 6.10 Animal pole: bliwU 

yeyeud p^de: dark grey 


dark brown/ 
creamy while 


17 


9 


15 


2 17 


3,12 


H(idy: dark grey, 
yolk sac light grey 
I feud (laleral view); 
acutely angled 
Optii vesule: small, 
disiinci bulge 


diuk brown/ 
creamy while 
acutely angled 

larger, 

indistinct bulge 


21-22 


3 


0 


h.53 


6.76 


{Jilts: anterior brandies 

posterior 4-5 bnmdiON 


1- 2 branches 

2- 4 brunches 
(shnrler) 


2^-25 


1 


8 


7.39 


9,65 


iMtend lines: pigmented 
Mtnnh pans: no looih rows or 
keraliiiised |a\v sliealh 

Hali'hhiy^ fane: 6-10 dav'i 


non -pigmented 
tooth rows, 
keraliniseil 
jaw sheath 
4-6 days 



then swam lu anulhcr site and the process was 
rcpcalctl. During Ihc Hnal sequence, the .emalc 
remained in the dorsi Hexed position about three 
seconds longer, bur produced no eggs. I hc male then 
released the female at the point vvlieii site began 
kicking hot hitnl limbs. 

The egg ctmiplcmcnl was 65.5. Pmbi yos halcheil in 
four - live days at water lemperatures of I7''’-23®C. 
l\vo other egg masses laid in eaptivily contained 
eggs and 928 eggs and Look four - si.x days to 
Ci»mpleio hatching at 16' -2,V C (see Tables 2 4). 

In the fields the eggs were bmild sealleied over the 
siih.strate in shallow pools or slowly llowing seclitms 
of (he stream, which ts similar (o the mode of 
deposition of eggs obscr\'cd m captive pains, 

TauU'. 5. Dinmisions n] preserved embryos of Litoria sub 
glandulo.sa 

imciui in mm. range in parL’iitliesis. stage - 
Gosner. 19oO) 



Siaae 


Sample 


Embryo diam. 


C'apsule diam, 


2 


4 


I..S9 

(1.56 1.64) 


3.57 

(3.1 2-4.51 1 


7-« 


5 


I 56 

( j..5(vl.56) 


3 56 

(3.36- .3.85) 


16 


5 


2.05 

(2.05-2.05) 


3..39 

(.3.28-3.53J 


17 


9 


2.17 

i2,n-2.34) 




20 


(> 


5 80 

(.5 49-6.23) 




:t-22 




6.53 

(().4 8-6.64) 




23 


1 


6.8U. 7.34 




34 


1 


7 6) 





Hmhry<mir dcvt htpmenl 
Uloriii std)^laiultd(fsa 

Mortality rates of embryos maintained in captivity 
were high. Lhc stirvival rate (after removal from the 
stream), was greatest amongst embryos in the top 
layer of each mass. Those below this layer mostly 
ceased developing beyond abtnil stages S-12. 
Hmbryos frtim the egg mass held at locality 10 in 
water leinperaUiies of 14'^-2I'*C. survived ihc 
longest; hatching occtincd from days 8 - lO aiul only 
17 reached stages 20 - 25. The mass from locality 5 
did not develiip beyond stage 18. Initially, Ihe 
emhtyos from locality 4b conlinucd lo lievclop 
during the tw ti days of immersion in Ihe si ream 
bcldrc higher tcmpcralures away lrt»m the stream 
were experienced. Hatching occurred at stages 20 - 
2 1 Iroiu days 6-8. with only eight embryos sin viviiig. 
Embryos from the sonthcni localities match the 
following description of those from the type hicality 
10 . 

Limbryos laid early mi I.i.l974 (locality 10) wcir 
at stage 2 when a sample was preserved at 0945 h. 
The animal pole is black and the vegetal pole dark 
grey. There are IWo luyei> of jelly surrounding the 
perivilelline membrane. Measuremenis of embryos 
are given in Table 5. The embryos wore at stages 7-8 
after 8 h. and 8-9. after 12 h. .Si\ embryos at stages 
7-8. measured after preservation, have a smaller 
mean diameter than the same embryos measured li\e 
(1.7 mill live, 1.5 miu preserved; capsule duimetc/ 
2.6 mm live, 3.3 mm preserved). Alter 23 h, embryos 
were at stages 10-1 I, and after 38 h. at stages 12-13 

Stage 17 was reached after 62 h. A specimen drawn 
at stage 17 (Fig. 4A). is described:- promineiii i«ptic 
vesicle, proncphric swelling, slight anal bulge, large 






riy. -I . r.inbryiiN nf t.ihniit suhfilamJnhmj Jinrl /- rUhtpa 

A /- \nln'hinflnln\n ri-*mu\vxl I’rom ihcjipsulc ;U ^Uiyf 17. 
U. U ( fintpa ivnurN’ccJ I'rom t;i(>sulL‘. .tl 17. 

I . /_ suh\>UouiulnSii just hatched, tii iippruximaicdy siiice 1 1 
I ) } { l(ni/kt ;usi liiildlcd, ul iippiO\iiU}ilfly HUye 21. 

S idv har - I min S|;*yi-s iiirc Irmn GoMlcr <J%Ui 
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with hcgiiniiii^^s u! iriuscul;»r 
ridgCN nlon^ dorsal surface jusl hclow neural tube. L* 
shaped adhesive organ, slighi siomodaeal ghuive 
beginning lo I'lirm. Head imneale. aeulcly angled in 
laieral view. Tail bud shorl, rounded, with strong 
depression on each side below neural lube. Yolk sac 
grey, res! iifbody very dark gicy After some years in 
preservation, body appears dark and yolk s;i». Iigluer 
brown. 

limbryos examined al 71 b were in siugcs 17-1 Si- 
growing (ail bud (K>iiUing acutely to the left side of 
Ihc body wilhin firm jelly capsule hwi visceral 
arches Idnning, narial pils beginning to develop 

Alier d5 h. stage IS - opiic vesicle more dellncd 
with grorive rorming between this and gill plate; 
neural lube, dorsal museular ridges, narial pils and 
divided adhesive organs all more developed. 

Afiei I.H h, siages small exiernal gills, gill 

circnialiun nnl apparcni; head small, more roimdeil 
over cranial region, adhesive organs dirnimshing, 
*>pUc vesicle depressed slighlly m ccnlrc; live 
einbiyos dark grey dorsally, lighter grey over yolk 
sac, moving actively wilhin capsule. 

Kiilclimg began eight days aHer oviposit loti, all 
surMving embryos bad hatcheLl after ten days. 
I .mbryos hatching lirsi on day S \vc)e at stage 2t> tin 
fclaliuii to opiie development, hut no gill 
cifiiiliilion):- Optic vesicles indistinct, yolk smc 
liirgi* deepened siomodaeal pit with adhesive organs 
close logellier al aiilerioi end, a divided lidge at 
poMv rior end; gills. ilo\‘clopi ng, nv»Uceablv rnotv 
advaueed «>n .sinislral side: vent lube not well 
diflereiiliated: tail I ins dusky grey, slighilv arched 
dorsall} ; body daik gioy blown in pre.servaloe. head 
region slightly darker. 

Stage 21 was reached on doy Ifk in relation to gill 
deVetopiiicnl and lack o\ tail fin circiilaiK'ii only, 
ting, -1C):- iwo pairs of well-developed runciional 
rxlemal gills, cofiipiising 2-d branches anterior 
[>aii. I -V (3n posterior pair; adhesive organs small 
Iraivdiieent; optic vesicle uniict'ined. lins iionslikent. 
deepening ftirrber, cireulalion rioi appaivnl; tail 
imoeulaUirc poorly developed. 

kive (Inal hulchlirig.s at 1900 li on day 10 were ar 
stage 22 in relalion lo iaii circiilatiou. hut other 
development was assoeiaied wilh stages 20-21:- 
coinca still not traiispaieni, pmminetu hui only 
piiilially pigmented optic vesicle, lajl liiis deepening; 
gills at maximum devciopmenl. fully tunclioiial, 
longer III some specimens than olhers; adhesive 
organs merging to form small ndge-. iiiouih 
tnangular. line of pigment from lip ofsnnul ihrougb 
each narial pit lo eye. 

Stage 2^:• corne.i transparent, eyes Well developed, 
huoily ]iigiiieiiled; anterior hall of body becoming 
transparent around nares; gills diminishing, opcrenliim 
develofuiig. 



Al 

Slagc 24.- vent lube more discernihlc. oral disc 
developirig. w ith small triangular funnel above large 
o\al depression in become lower labium. 

By day I A. most remaining embryos were at early 
stage 25:- golden iridophores scattered in '^pvus i»\e.i 
dorsum, eyes black wilh scatlcred golden indopliores. 
patches of melanin over dorsal surface of tail 
niuscLilaliiie; unl Hus. hi>dy wall imisily clear, with 
some dusky pigment present Intcrnarial region 
poiieeably delineated w'iih pigment, lateral line 
organs becoming visible. 

By day 17, the dcveh.ipmcnt of the mouth was 
almosi complete wilh the exception <.if the line black 
niameiJtx, wdnch were either not yet present, or only 
short uhpignicnted tr>oi.s. Dorsal surlacc luilhei 
pigmented wilh more golden irivlophores over areas 
pigmented with melanin, mcluding iris: tail 
musculature pigmented dorsally, in well-spaced 
hruail bands: flecks of pigihent found over fnis iu 
older larvae, as yet not Obviou.s; vcniral surface cleat, 
excvpl lor broad penrneier of iridnphoies. 

Uhiria l iffOfHi 

[jnbryonie development was descriheil by Tylei 
iSlL \nsli$ ( l^75k A coinpiiixilivesuiiuniiry of embryos 
ol /.. i'iln»pu and /.» during stages h 

17. 21 and 25 is given in Table 4. Figures -IB. 
D show siiigcK 17 iuid 21. In general. L r/VoYin is 
larger than L Mth^haufuhfMi ihroiiclioui embryimic 
Jevehvpmeiu. wjih aiihesivc oigahs m»>te pomnnem 
and gills MTiallcr and less mimcioub at sliigc 21. Ai 
stage 15 and bevimd. the lateral line organs remain 
unpigmetued :uid minuhpuns possess loLiih riwvs and 
a Iccraiiniscd jaw .^heuih tl'ig 4. Tyler v'vt .Anslis 
b)75). OLherwise, the two species have dlsbnclly 
iruneale, ujiguhu* lieads in stage 17 and similar 
hocly/tail shape ihmughoui embryonic and larval 
development. 

i.iura! hi'huUafu- 

Liumu 

'radpulcs of this species. i>bsersoil at iill localities 
in Table I. were mostly loimrl on the suhsUalc m 
shfillow. slowly-l lowing sections of the stream on 
Mind- anioiigsi locks or leaf litter. Tbev weic 
fre(|uenllv humd al die sides of the stream. 
.swimndng fast lu ilccpor niid-slreani or lunoiig.si 
rocks il diNlurbed. fhey were well cnmoullageJ 
whilst on sand or giu/.ing amongst rocks and 
appcarctl lo feed on nocculem >ili and algae. 
Tadpoles dcfaeeaied lapidly after capture and the 
abdominal region, while similar in width n> the 
branchial regi<»n (nr slighilv less) in li\c specimens 
in Ihe sireanij was cominonly natiowcr in pawerveJ 
specimens. 

ladpoles observed adhering to ihe subsiMUc 
rapidly pulled the bv>ily forward a disianee of 2-.^ mm 
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by the use of the oral disc alone, in a rasping action. 
Til is process was repeated continually, resulting in a 
di.stinctive form of locomotion during feeding, which 
has not been described in other Australian suctorial 
species. Particles of a fine silt suspension were found 
amongst the dense, incurved papillae, buccal cavity 
and gut of recently-captured specimens. 

The fine black filaments of the mouth were broken 
or missing in some specimens, or each was present 
only as a shoiler white filament or core, without the 
black outer surface (or pigmentation). 

IJtoria citropa 

The tadpoles were found in small rock pools 
(either associated with the main stream or segregated 
when river levels were lower), and in larger pools or 
slowly flowing sections of the stream, Tlicy were 
also found on the substrate, but unlike L. 
siil>gl(mdii}osa, were not observed moving forward 
by the use of the mouth alone; the tail and body were 
also involved. They appeared to feed on flocculent 
sill and most individuals examined live in the 
streams, had well-filled intestines (the abdominal 
region being as wide as, or wider than the branchial 
region). When disturbed they took cover under rocks 
or leaf litter. They were well camouflaged on the 
sandy floor and the dorsal colour varied Irom light to 
darker golden brown, depending on the colour of the 
substrate and light intensity. 

Discussion 

Population trends 

Comparative field observations of the I960s-70s 
and 1990s showed a marked decline in the 
population status of L. subgkmdulosa at the type 
locality, indicating a need for comprehensive studies 
on population trends of this species across its entire 
disiribulion. 

A d \ 'c rtisenient ca I Is 

The calls of IJtorUi suhglandniosa and L citropa 
dilTer markedly in structure (Fig. 3 A, C) and cannot 
be of any assistance in the confirmation of 
relationships based on other criteria. As noted by 
Watson ei al. (1991), the audiospectrograms of the 
advertisement calls of L citropa and L spenceri are 
of similar diphasic structure; they difler, however, in 
that the following notes in the call of L. spenceri are 
more regularly pulsed and of higher pulse rate, 

Oviposition and embryos 

From observations of oviposition sites of Litoria 
verreaiLxii, L. dentata, L pliyflocliroa, L. caeridea, /.. 
cfdoris, L freycineii, Linmodynastes peronii, Lini. 
tasnianiensis. Uni. ornatus and other species of 
Australian frogs, it has been noted that each deposits 



Tabu ' 6. Comparison of body proportions of U/n>ae of 
Litoria subglaiidulosa. 

Type Locality 10 compared with new localities 
2, 6a & 7a (Table 1 ). 

(Measurement.s in mm; mean with range in brackets). 
Stages 35 & 36 (Gosner 1960). 



Moiphometric 

Character 


Type Locality 10 
n = 8 


Localities 2, 6a, 7a 
n = 8 


TL 


29.84 


31,50 




(26.40-35.00) 


(28.50-33.75) 


BL 


12.19 


11.88 




(1 1.64-12.63) 


(10.82-13.13) 


BW 


7.42 


7.64 




(6.15-8.04) 


(7.05-8.45) 


BD 


6.17 


6.10 




(5.74-6.64) 


(5.58-6.72) 


Tl) 


5.86 


5.87 




(5.17-6.48) 


(5.42-6.40) 


TM 


2.01 


2.35 




(1.64-2.29) 


(1.89-2.71) 


10 


2.49 


2.75 




(2.13-2.87) 


(2.46-3.29) 


IN 


1.88 


1.94 




0.80-1.97) 


(1.80-2,05) 


EN 


1.46 


1.37 




(1.15-1.64) 


(1.15-1.64) 


MW 


4.55 


4.48 




(3.77-5,25) 


(4.10-54)0) 



eggs in a similar manner whether in the field or in 
captivity (Anstis 1976, Anstis, unpub.). Similarly. L 
citropa scatter eggs over the substrate in both captive 
and field situations, and L siibglandnlosa attach the 
entire egg mass to a surface just below water level. 
The egg mass of L. subglandidosa is adapted to the 
lotic environment, being compact in form and highly 
adherent. 

Embryos of L. snbglandidosa that survived beyond 
stages 8-12 were mainly from the outside layer of 
capsules. Mortality may be attributed to reduced 
oxygen levels associated with higher still - water 
temperatures in the laboratory of up to 24'C. 
compared with 9.4'^-15°C in fiowing streams. The 
embryos from the egg mass at locality 4b continued 
development during the initial two days of 
immersion in the stream but, after removal and 
placement in the laboratory, development gradually 
ceased over the next four days in the majority of 
cases. 

The periods of 6-8 and 8-10 days taken by two egg 
masses to hatch (while maintained in containers) are 
slow'er than those of other knowai stream-dwelling 
hylids of lower altitudes, including L citropa (Tyler 
& Anstis 1975; Anstis unpub.). Further comparisons 
can be made when data are available for 
developmental rates of egg masses within the stream. 

The egg capsules of L. citropa. are not as adherent 
as those of L snbglandulosa. As they are scattered 
over the bottom of still pools or very slowly flowing 
sections of the stream, stronger adhesive properties 
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would iioi htr advunia^eoiis. The embryos developed 
raster and had a much lower rale of mortal ily than 
those of A. Mthi^laiuliihfso, possibly attribiKable to 
the individual capsules being scallcred (»ver a broad 
area, rucilitating oxygenation. 

I tn\'(h' 

Whilst slight dilTeivnees in body proportions were 
notcil between some of the northern and southern 
tadpoles of L sn/^e/um/n/ovo (Table b). only a small 
sample IVoin each area was examined. 

.A sample «»f A. .uih^hndiihfsv tadpoles was also 
very didkult tt> maintain in captivity at higher 
tcmperalures and a second sample maintained in 
ueiated Water with liltralion laied no belter. Lacking 
keralinised jaw sheaths, they could not eat foods 
shell as huile.d lettuce and commercial Ush foml, 
lnln»duclioii ot stll and deliilal sediments taken Irout 
the slreaiTis in their natural environment resulted in 
some feeding., although the tadpoles did not grow as 
well as those In llie siivam.s. 

Tbs- distinctive locomotive bchavifiur of (he 
tadpoles involving forvs'urd propulsion with the u.se 
of the oral di.se alone, distinguishes them from llte 
similar sympairw species L (dn'llochma and L 
U'sui'uri, both of which employ some tail movement 
during locomotion associated with feeding. Clradwell 
(|b7.S) slates lliat the M3e muscle in /.. 
,\nhiilnnLlult).SLi tadpoles is inserled in both ihe iip(>er 
and lower luhia. rosiihing in both labia being "pulJecI 



caudad simultaneously", whereas “most other 
suctorial tadpoles move Ihcir upper and lower jaws 
(<uvard each other during their scraping actioif’. 1his 
could explain the mechanism behind the distinctive 
mmernenl observed in live iadptiles in the stream. 
Grad well also notes that this species has. for its si/e. 
"the longest and densest papillae of tltc huecal 
mucosa", and these ^’may act as a sieve to exclude 
suspended particles above a certain si/.e". 

Examination of gut contents and further 
obsenalions ul (ceding mechanisms arc rei|Uired to 
iletcrminc the functional morphology of the tini(|ue 
mouihparls of this species. 
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